The worldwide incidence of gastric adenocarcinoma (GC) is lower in women than in men. Furthermore, cancer patients treated with estrogens have been reported to have a lower subsequent risk of GC. The authors conducted a prospective analysis of menstrual and reproductive factors, exogenous hormone use, and GC in 335,216 women from the European Prospective Investigation Into Cancer and Nutrition, a cohort study of individuals aged 35-70 years from 10 European countries. After a mean follow-up of 8.7 years (through 2004), 181 women for whom complete exposure data were available developed GC. Adjusted hazard ratios and 95% confidence intervals were estimated using Cox proportional hazards models. All statistical tests were 2-sided. Women who had ovariectomy had a 79% increased risk of GC (based on 25 cases) compared with women who did not (hazard ratio ¼ 1.79, 95% confidence interval: 1.15, 2.78). Total cumulative years of menstrual cycling was inversely associated with GC risk (fifth vs. first quintile: hazard ratio ¼ 0.55, 95% confidence interval: 0.31, 0.98; P trend ¼ 0.06). No other reproductive factors analyzed were associated with risk of GC. The results of this analysis provide some support for the hypothesis that endogenous ovarian sex hormones lower GC incidence in women.
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Although the incidence of gastric adenocarcinoma (GC) has been steadily declining, it is still the second leading cause of cancer death worldwide. In most regions, men have a higher age-standardized incidence than do women, with a ratio of about 2:1 (1). This sex difference is consistent across international populations with different prevalences of environmental risk factors such as Helicobacter pylori infection and tobacco smoking and different dietary patterns (1, 2) . A possible explanation involves biologic differences related to sex hormones such as estrogen (2) .
The most compelling evidence for an association between hormonal factors and GC comes from follow-up studies of cancer patients treated with estrogen or antiestrogen compounds (3) (4) (5) . In one large follow-up study of prostate cancer patients treated with estrogen (in Sweden before the 1980s), men receiving these treatments had a significantly lower subsequent risk of GC than did similar men who did not receive estrogen treatment (4) . In 2 cohorts of breast cancer patients treated with the antiestrogen tamoxifen, women receiving treatment had a significantly increased risk of subsequent GC (3, 5) . The above studies suggest that estrogen compounds may prevent or slow the growth of gastric tumors.
To date, there have been 13 epidemiologic studies of the relation between reproductive and menstrual factors and GC, comprising 9 retrospective studies, including 1 mortality study (6) (7) (8) (9) (10) (11) (12) (13) (14) , and 4 prospective cohort studies (15) (16) (17) (18) (19) (20) . These studies have generally indicated that menstrual factors associated with longer total time of menstrual cycling and prolonged use of exogenous hormones are associated with a lower risk of GC; however, many of the studies lacked power, and some may have been influenced by recall bias. We investigated the role of reproductive and menstrual factors and exogenous hormone use in the cause of GC in women from the European Prospective Investigation Into Cancer and Nutrition (EPIC), a large prospective cohort study of over 300,000 women recruited through 23 research centers in 10 European countries.
MATERIALS AND METHODS

Study populations
EPIC is a multicenter prospective cohort study of 521,457 participants (368,010 women and 153,447 men) recruited through 23 centers in 10 European countries, including Denmark (Aarhus and Copenhagen), France, Germany (Heidelberg and Potsdam), Greece, Italy (Florence, Turin, Varese, Naples, and Ragusa), the Netherlands (Bilthoven and Utrecht), Norway, Spain (Asturias, Granada, Murcia, Navarra, and San Sebastian), Sweden (Malmö and Umeå), and the United Kingdom (Oxford and Cambridge) (21) . Most of the EPIC participants were enrolled from 1992 to 1998, when they were between the ages of 35 and 70 years. Participants were recruited from the general population residing in a geographic area, including towns and provinces. Exceptions were the French cohort (teacher's organization health insurance); cohorts consisting of women attending breast cancer screening programs (Utrecht and Florence); parts of the Italian and Spanish cohorts, in which participants were recruited among blood donors; most of the Oxford cohort, in which participants were recruited among vegetarian volunteers; and the German cohort in which participants were recruited from a health care insurance organization. Eligible participants gave written informed consent and completed questionnaires on diet, lifestyle, and medical history. Participants were excluded from analyses if they had widespread cancer at recruitment (n ¼ 23,633) or if no follow-up information was available (n ¼ 3,448).We also excluded men (n ¼ 153,447), women with missing information on all menstrual and reproductive variables (n ¼ 8,166), women with missing dietary information (n ¼ 2,603), and women with GC for whom it was unknown whether their cancer was a primary or secondary tumor (n ¼ 5). The final number of EPIC cohort women available for these analyses was 335,216.
Baseline diet and lifestyle questionnaires
Usual diet over the previous 12 months was measured using mostly country-specific validated food questionnaires (21) . A separate lifestyle questionnaire included items on lifetime smoking and alcohol consumption, education, occupation, menstrual and reproductive history, use of exogenous hormones (oral contraceptives (OCs) and hormone replacement therapy (HRT)), physical activity, and history of illness, including surgical procedures.
Identification of GC cases
Follow-up of cohort members for these analyses was performed through December 2004. Case identification was based on information in population cancer registries except in France, Germany, Greece, and Naples, where a combination of different methods, including health insurance records, hospital-based cancer and pathology registries, and active follow-up (participant tracking), was used. Followup began on the date of EPIC recruitment and ended on the date of GC diagnosis, the date of death, or the end of followup (in 2004), whichever came first. Because these analyses were based primarily upon exposure information obtained at baseline, loss to follow-up was negligible. Cancer of the stomach included diagnoses coded as C16 according to the International Classification of Diseases, Tenth Revision. Among women in EPIC, a total of 237 cases of GC were observed (200 adenocarcinomas and 37 nonadenocarcinomas), of which a total of 193 were incident, primary GCs. All cases were validated for histologic (diffuse or intestinal, using Lauren's classification) (22) and anatomical subtypes (cardia (C16.0) or noncardia (C16.1-9)) by a panel of pathologists who reviewed original pathology reports, tumor slides, and paraffin blocks from GC cases obtained from EPIC centers (23) .
Nested case-control study of H. pylori infection A nested case-control study within the EPIC cohort (EurGast II, which included 150 incident primary cases of GC in women and 571 matched controls) was conducted to perform analyses of baseline H. pylori seropositivity status (24) , as well as other studies of biomarkers and genetic factors. Each incident GC case with an available blood sample was matched by sex, age group (62.5 years), center, and date of blood collection (645 days) to 4 control participants who were randomly selected from the cohort at risk at the time of diagnosis of the index case. H. pylori status was determined using a combination of ELISA (Pyloriset EIA-GIII kit, Orion Diagnostica, Espoo, Finland) and Western blot (HELICO Blot 2.1 kit, Genelab Diagnostics, Singapore) assays. A participant was considered H. pylori seropositive at baseline if she was positive for enzymelinked immunosorbent assay antibody or CagA antigen by Western blot.
Statistical methods
Hazard ratios as estimates of relative risk for menstrual factors and GC were calculated using Cox proportional hazards regression models with age as the time scale and stratification by EPIC study center and age at recruitment. The proportional hazards assumption was evaluated in all models using graphical methods and likelihood ratio tests. When the data were analyzed according to baseline H. pylori seropositivity status, unconditional logistic regression modeling was used to estimate the odds ratio. Tests for interaction were based on a likelihood ratio test. Chi-square and Wilcoxon rank sum tests were used to compare categorical and continuous baseline cohort characteristics, respectively, stratified by reproductive variables of interest. All statistical tests were 2-sided, and all analyses were performed using STATA (version 10.0, StataCorp LP, College Station, Texas).
We estimated hazard ratios for the following factors: age at menarche and menopause (in years), duration of OC use (in years), ever use of HRT, parity, age at first full-term pregnancy, breastfeeding, miscarriage, induced abortion, ovariectomy, hysterectomy, and cumulative duration of menstrual cycling (in years). Cumulative menstrual cycling was calculated for each woman in the EPIC cohort. For postmenopausal women, it was the difference between the age at menopause and the age at menarche minus the total time pregnant (number of full-term pregnancies 3 9 months). For premenopausal and perimenopausal women, cumulative duration of menstrual cycling was the difference between age at recruitment and age at menarche minus the total time pregnant. We also estimated the cumulative duration of menstrual cycling as above, subtracting the total time spent taking OCs. Cutpoints for categorical definitions of cumulative menstrual cycling and other continuous variables were based on distributions (quintiles, quartiles, or tertiles) in the entire EPIC cohort. Self-reported baseline menopausal status was defined as menopausal (natural cessation of menses in the last 12 months or surgical menopause due to bilateral ovariectomy), perimenopausal (no longer naturally menstruating at the time of recruitment or <9 menstrual cycles in the past 12 months), and premenopausal (regular menses or 9 cycles in the past 12 months). The menopausal statuses of women with missing or incomplete questionnaire data were determined based on cutpoints for age at recruitment (postmenopausal if 55 years of age, perimenopausal if 47-54 years of age, and premenopausal if 46 years of age). Age at baseline menopausal status was based on self-reporting and was missing for 214,063 cohort members (15 GC cases).
We adjusted the analyses for average daily intakes of fruits and nuts, vegetables, red meat, and processed meat. Dietary intakes were energy-adjusted using the residual method (25) . Total caloric intake was not associated with GC incidence and was not included in the final energyadjusted food-intake models. We included the following variables as potential confounders or known risk factors: baseline and lifetime alcohol consumption, physical activity using the Cambridge index (26) , education (none, primary, technical/professional, secondary, or university), cigarette smoking (never, former: time since quitting 10 years, former: time since quitting <10 years, current: <20 cigarettes per day, or current: 20 cigarettes per day), and body mass index (BMI, in weight (kg)/height (m) squared). Alcohol and physical activity were not included in final models because they did not change effect estimates more than 10%. When the data were analyzed according to baseline H. pylori serostatus, adjustment variables included age at recruitment, education level (less than secondary or secondary or higher), cigarette smoking, BMI, and region (north or south) and matching variables. Categories for education level and region were collapsed because of the smaller sample size in the nested case-control study.
RESULTS
During a mean follow-up of 8.7 years (2,927,994 personyears) starting in 1992, GC was diagnosed in 193 women. Of these women, data on all of the reproductive and menstrual factors analyzed in this study were missing for 10 and dietary information was missing for 2, so they were removed from further analysis, resulting in 181 cases. Details on the EPIC participants who did not have missing data on 1 menstrual and reproductive factor for each of the 10 European countries show that the majority of patients with GC (n ¼ 181) for these analyses were from Italy (n ¼ 36), whereas the fewest were from Greece (n ¼ 9) (Web Table, available at http://www.aje.oxfordjournals.org). The majority of GC cases in women were located in the non-cardia region (n ¼ 101, 55.8%); in addition, there were 31 cases (17.1%) in the cardia region and 49 cases (27.1%) in unknown or mixed locations. Eighty-two cases (45.3%) were classified as the diffuse histologic subtype, 48 cases (26.5%) were classified as the intestinal subtype, and 53 cases (29.3%) had an unknown, unclassified, or mixed histologic subtype. Twenty-three women with GC were premenopausal at baseline, 19 were perimenopausal, and 139 were postmenopausal (114 naturally and 25 surgically).
Baseline characteristics of the women included in these analyses according to HRT use, self-reported ovariectomy, and total years of menstrual cycling are presented in Table 1 . On average, women who reported using HRT were older, smoked more, had slightly lower BMIs, attained less secondary or higher education, had lower fruit and nut and vegetable intake, and had higher total red and processed meat intake (Table 1) . Women who reported having an ovariectomy on average were older, smoked more, had higher BMIs, attained less secondary or higher education, and had a slightly higher intake of fruits and nuts and of total red and processed meats (Table 1) . Women with the highest (vs. lowest) quintile of cumulative years of menstrual cycling on average were older, smoked less, had higher BMIs, attained less education, and had a lower intake of vegetables but a higher intake of fruits and nuts and total red and processed meat ( Table 1 ). The prevalence of baseline H. pylori seropositivity in noncases was higher in those who did not use HRT and in women in the lowest quintile of total years of menstrual cycling, but it was similar by history of ovariectomy (Table 1) . Neither age at menarche nor age at menopause was statistically significantly associated with GC risk (Table 2) .
Similarly, duration of OC use, HRT, parity, age at first full-term pregnancy, breastfeeding, miscarriage, and induced abortion were not associated with GC risk (Table 2) .
Women who reported having had an ovariectomy had a nearly 2-fold increased risk of GC (hazard ratio (HR) ¼ 1.79, 95% confidence interval (CI): 1.15, 2.78; data not ), and calorie-adjusted vegetable, fruit, red meat, and processed meat intakes. b Among postmenopausal women (includes natural and surgical menopause); 15 cases were missing data on age at menopause, 23 cases were classified as premenopausal, and 19 cases were classified as perimenopausal (and were not considered postmenopausal).
c For 1 case, it was unknown whether 1 or 2 ovaries were removed.
shown). The magnitude of the association was similar for unilateral and bilateral ovariectomy ( Table 2) . One woman with GC who reported ovariectomy (unilateral) was classified as premenopausal at baseline. Of the 34 women who reported having had a hysterectomy, 19 also reported having had an ovariectomy. In women who reported never having an ovariectomy, there was no association between hysterectomy and GC ( The total cumulative number of years of menstrual cycling was inversely associated with risk of GC ( Table 2) . Inverse associations between total years of cycling and risk of GC also were observed when we accounted for total duration of OC use (Table 2) . Associations between total menstrual cycling and GC in postmenopausal women also showed inverse relations, but trend tests and individual hazard ratios were not statistically significant (HR for quartile of total menstrual cycling in years: first quartile: 0-28.43 years (referent), second quartile: 28.44-32.74 years (HR ¼ 0.91, 95% CI: 0.51, 1.65); third quartile: 32.75-36.21 years (HR ¼ 0.69, 95% CI: 0.38, 1.24); fourth quartile: 36.22-54.00 years (HR ¼ 0.82, 95% CI: 0.47, 1.43)). Patterns of association for total years of menstrual cycling and GC were similar when stratified by smoking status and by anatomic subsite (data not shown).
We analyzed HRT use together with ovariectomy in 1 combined variable, with women who had both ovaries present and who used HRT (highest potential estrogen exposure) as the referent group. Although some estimates lacked precision, the group of women who had ovariectomy and who never had used HRT were at the highest risk of GC (Table 3) .
A likelihood ratio test for interaction between ovariectomy and HRT use in relation to risk of GC in all women was not statistically significant (P ¼ 0.87). Associations for ovariectomy-HRT use and GC were of similar magnitude when the data were restricted to postmenopausal women (Table 3) .
We evaluated associations between ovariectomy, total years of menstrual cycling, and risk of GC by baseline H. pylori serostatus (positive or negative) in the nested case-control study of GC in EPIC. There were insufficient numbers of women with GC who were H. pylori negative and who reported having an ovariectomy; thus, odds ratios in this group could not be estimated. In H. pylori-positive women, associations between ovariectomy and HRT use and GC were very similar in magnitude and direction to the hazard ratios presented in Table 3 (data not shown). Tertiles of total cumulative years of menstrual cycling were defined as follows: tertile 1: 0-30.09; tertile 2: 30.10-34.99; and tertile 3: 35.00-54.00 years. For associations between total cumulative years of menstrual cycling and GC, we observed the following odds ratios and 95% confidence intervals in H. pylori-positive women: tertile 1: referent (33 cases and 94 controls); tertile 2: odds ratio ¼ 1.11, 95% confidence interval: 0.64, 1.94 (43 cases and 112 controls); and tertile 3: odds ratio ¼ 1.05, 95% confidence interval: 0.60, 1.81 (44 cases and 126 controls). In H. pylori-negative women, we observed the following odds ratios and 95% confidence intervals: tertile 1: referent (4 cases and 48 controls); tertile 2: odds ratio ¼ 0.75, 95% confidence interval: 0.19, 2.98 (6 cases and 65 controls); and tertile 3: odds ratio ¼ 0.73, 95% confidence interval: 0.18, 3.02 (6 cases and 76 controls).
DISCUSSION
In the present prospective cohort analysis of menstrual factors, exogenous hormone use, and GC, we observed a hazard ratio of 1.79 in women who at baseline reported having had an ovariectomy (compared with women who did not). Furthermore, women who reported ovariectomy and nonuse of HRT had a hazard ratio of 2.25 compared with women who had intact ovaries and who reported ever use of HRT. We also observed some evidence of lower risk of GC in women who had greater total cumulative years of menstrual cycling. On the basis of our data, it does not appear that baseline H. pylori serostatus modifies the associations that we report here, which corresponds to results from a recent prospective study from Shanghai, China (16) . We also did not observe modification of associations by smoking status.
To our knowledge, the present study is the first to observe a statistically significant higher risk of GC in women who at baseline reported having had an ovariectomy. Using data from the National Institutes of Health-AARP cohort, Freedman et al. (20) reported elevated risks for esophageal and gastric cardia adenocarcinomas combined (n ¼ 65 cases) in patients who had undergone ovariectomy, but none of the associations were statistically significant. Regarding total years of menstrual cycling, 4 retrospective studies (8, 9, 12, 14) and 2 prospective studies (10, 16) have reported inverse associations with GC risk of about the same magnitude as reported here. Our observations, along with previous evidence, including the studies of hormone treatment in cancer patients (3) (4) (5) , support the notion that ovarian sex hormones and related compounds alter the risk of GC. The direction of the relative risks described in this and previous reports suggests that greater or prolonged estrogen-related exposure is associated with a lower risk of GC (2). Our results showing that the highest risk of GC is in women who had ovariectomy and who never used HRT support this; however, a number of studies of endogenous hormone levels in ovariectomized women suggest that postmenopausal women who undergo bilateral ovariectomy have reduced serum concentrations of androgens (rather than estrogens) compared with postmenopausal women with intact ovaries (27) (28) (29) (30) (31) (32) . When we investigated hazard ratios for ovariectomy and GC by age at ovariectomy (<50 vs. 50 years of age), we observed hazard ratios of similar magnitude, but only the hazard ratio in women <50 years of age was statistically significant. Furthermore, the majority of women with GC in this study (n ¼ 139, or 76.8%) were postmenopausal at baseline. In general, women who undergo these surgeries are older (>45 years of age), and reasons include ovarian cysts and cancer prevention (31) .
Steroid hormone metabolism is extremely complex, and multiple external and internal factors are believed to influence circulating levels of sex steroids and metabolites. Furthermore, postmenopausal hormone production and metabolism are still poorly understood. Potential biologic mechanisms for the association between hormonal factors and GC may include pathways related to the estrogen receptor or other related pathways, for example, the trefoil factor (TFF) genes (2) . TFF gene products protect the gastric mucosa from endogenous and exogenous insults (33) , and TFF gene expression is known to be reduced in precancerous gastric lesions and in GC (34) . Estrogen is known to increase the expression of TFF genes and could be one mechanism by which estrogens exert a protective effect in gastric carcinogenesis (2, 35, 36) . Estrogens also interact with estrogen receptors that are known to be present in gastric mucosal cells and in gastric cancer cells and may repress the growth and clonal expansion of precancerous gastric lesions and cancerous gastric cells (2, 37) .
It is important to note that we were unable to evaluate HRT formulation in our study (e.g., whether it comprised unopposed estrogen or estrogen plus progesterone). Furthermore, estrogens are derived from androstenedione, and estrogen and other steroid levels were not directly evaluated in our study. Thus, our observations could be consistent with those seen with 1 or more other sex steroids, such as androgens or progesterone, and even with other factors that are associated with the menstrual factors we evaluated. For example, diet, smoking, and socioeconomic status may influence some menstrual factors (and are GC risk factors); thus, they may have been potential confounders in these analyses. Nevertheless, we were able to adjust for energy-adjusted fruit, vegetable, and meat intakes at baseline, as well as smoking status, BMI, and educational level. It is possible that we were unable to completely adjust for these imprecisely measured factors, which may have led to some residual confounding; however, the strength of the associations between these potential confounders and GC and menstrual factors is unlikely to be sufficient to appreciably confound the associations we report here. There is a potential for case underascertainment in some EPIC study centers with active follow-up, but we do not expect this to be associated with the reproductive factors we analyzed or with baseline GC risk; thus, the main consequence would be decreased statistical precision in our estimates of relative risk (38) . Additional weaknesses of our study were the fact that the menstrual and reproductive variables, including history of ovariectomy, were based on self reporting, and the relatively small number of women with GC who reported having had an ovariectomy. The strengths of this study include case validation by a panel of pathologists (23) and the prospective cohort design, which allowed us to prospectively collect and analyze information on menstrual factors, exogenous hormone use, and covariates and to avoid the biases associated with retrospective study designs.
In conclusion, our prospective analysis provides additional evidence that menstrual and reproductive factors such as cumulative years of menstrual cycling and ovariectomy alter the risk of GC in women. Given the results of this and past studies, it is now time to investigate the potential mechanisms of these protective effects with the hope of translating this knowledge to improve the prevention and treatment of this deadly cancer.
